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Description 

RefracUvej*^^ 

lotM to a refractive projection objective for projecting a 

P In o 1 projection objective w«h the aid o, an immers.on 
SI * alU between a ,as, optica, eiement ot ,e 
projection objective and the image plane. 

■ ===== 

,5 very high resolution on a reducing scale. 

Thre e developments running in ^^^^l 100 nm 
auction - eve. ^^^^Z the image-side 
or below. Firstly, an attempt ,s be.ng m 

CU s,omarv being used, preterabiy 

/iri-s=-- 

■ , h »r a are already approaches to improving the achievable 

r- — — • - ^ re,ra r index 

30 ItLirr — -i— medium y,e,ds an 
effective wavelength of 
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, 0 being the vacuum operating wavelength and n the re.ac.lva index of 
the immersion medium. This yields a resolution of 



5 



R = ki (W/NAo) 



and a depth of focus (DOF) of 



!0 DOF = ± k 2 (Xeff/NAo 2 ). 



NAo - sin e. being the "dry" numerica, aperture, and being ha lf the 
aperture angle of «ha objective. The empirica, constants ki and k 2 
depend on the process. 

' 5 The theoretical advantages of immersion lithography reside in the 
Auction of the effective operating wavelength and t e _ . 
improved thereby. This can be achieved in conjunchon w,th an 
.mproveo tne established techniques for 

unchanged vacuum wavelength and so ^ 

20 producing light for se.eo.rng opfcal ™* n " ^ wave , ength . 

: h — , — * - — * na ■ v;: 

Furthermore, suitable immersion media must be ava„ab,e. 

25 Th e artide entifed —on ^^^^ 
and «. Rothschild, d Vac. Sc. Terfm ^ ^ ^ 
oaaes 1 ff presents immersion fluids basea on w 
P PE) which are sufficient* transparent for a working waveiength o, 
, 0 57 nm and are compatible with some photoresist matenate current* 
J e n used in nticrolithography. One tested immersion flu.d has a 
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. „' . n - i 37 at 157 nm. The publication also describes a 
re »,active index of n - 1 .37 a and 

.ens-free optica ^ZX^ «hograph, wbicb is intended 
silic on mirrors, for — " «*• ^ ^ ^ 

t0 permit tbe proton o, 60 nm s ^ ^ ^ 

5 wi ,h a numerical ape, e o NA ^ semiconductors or lhe like, 
suitable for use in the series pro 

•r Hon US 5 610 683 (corresponding to EP 0 605 103) 
Paten, <*>**™££L. machine, provided for immersion 
describes a proper e*po fluid the 

10 "ST y ob-— I substrate. N o design is spec- tor the 
optical projection system. 

H1 „ goo 354 proposes using a super-critical fluid, for 
15 ^ enteral —n medium in emersion lithograph, »o 
resign is shown for a suitable projection objects 

K „ the obiec t o, the ^^ZZ^ZZ* 
w Hich is suitable for = o hog.phy ^ 
20 W„h a moderate ov a., h 9 ^ ^ for 

— or scanners, an. a good — 



state. 



, . oH hv means 0 f a projection objective having the 
25 ™ S c^T^lZZ, embodiments are specified in the 

^-1- wording of a,, the claims is incorporated in the 
description by reference. 

of the invention, a refractive projection 
30 ln accordance with one aspec f t he n ^ p|ane ^ ^ 

ob) ec«ve for project, , a a«erna g^ ^ ^ ^ ^ 

projection objective into the imay w 
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niond iens group, foiiowing .hereupon, with a positive refracting 

3 r-en's group. ~g thereupon, with a positive refiacUng power. ^ 

System aperture which is arranged in the region of 

between the fourth iens group and the fifth iens group. 

Thi s refracting power distribution produces a proton ob|ec«ve .Having 
, beiiies and a wais, ^ the 

present in the beliy near the image at the V ^ 

and thus in a region in which the transiiium.nated dieter the 



25 

near the image. 



30 



The design permits image-side numerical apertures NA >- OA it being 

L case of preferred 

ab ove. Preferred proton ^"^^L^ As a 
which has a refractive index of n > 1 .3 at the p 
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' , in ,ha effective operating wave.ength by 30% or more 

The proton elective can ^^^^T 
space fo be tilled up b y me «™ ^ — n ^ *'* 

no nrore than 1 « 2 ° * °n P ^ ip partioular less th an 

im age- S lde worKmg ^ ^ CQntaot 

r:—- are also possible given — transparent 
immersion media. 



objective. 



, it can be favourable when the refracting powers of the lens 
For example ^ be ' 3 ^ ^ ^ ^ ^ 

gro ups are of the same o ^ ^ ^ ^ n , he foca , 

aperture. In particular, it can be p ^ ^ iens group 

lengt h of ,he fourth < Z ::::::; P zi» - 

25 , between appro— * - PP ^ rf ^ , ens 

favourable when the focal leng simi|ar , n 

gr0U ps near the obiect an. lens ,/the focal lengths o, 

the first lens group and tne Drefe rably between 

• n 7 and approximately 1.3, premie y 

30 Z^^"*^*"*^ 



image plane is denoted here as overall length. 

, „rder to achieve a good correction state, it is provided in preferred Q 
0 2 2 ItL the firs, lens group includes a, least one aspheric 
surfed Favourably. i« is even possib,e for a plurality of aspherrcs, for 
example «w°. .0 he provided here. Aspherics in this region maxe a 
oaTcu arly effective contribution to the correction of distort and 

1 is favourable, furthermore, for the correction o, coma and 
,5 a glfism when the third lens group, situated in the region of the 
T , has at leas, one aspheric surface, a plurality of asphencs for 
IxTmp e two aspherics. being preferred, in the case of prererreo 
embedments. I least one aspheric is provided in each lens group n 
ZZo facilitate fine setting of the correction state of the project.cn 
20 Active. With regard to simple .' 
aspherics should be limited, for example to less than 
seven, as in the case of a preferred embodiment. 

The favourable projection properties of projection objectives according to 

T*» fype and arrangement of the lenses used. For example,, - 
I ourable when a, leas, one meniscus lens, convex re a rve to ,he 
obi ect plane, with a nega.ive refracting power is 

correction of tangential astigmatism. 



\ 
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r^rablv has at least one, in particular a 
The second .ens relative to the object plane, with a 

p lura my of men.scus lenses co ^ These 

positive retracting power o * ^ ^ ^ of meniscu s 

preferabiy combine w,th at leas t or . P 

,enses. convex relative to the ob ect p a e, w 9 ^ ^ ^ 
po.er on the side, fac^ - ^eblv situated between the 
,east one biconcave port* lens ^ g ^ g 

me nisci or meniscus groups concave Native to the 

seouenoe of a, leas, one pos^e men,s s ^ 
0 object plane, a biconvex ^ ^ formed , he seco nd 

,ens. concave relative to the ^J»£Z™ - -» e 

lens group, this seouence o f lenses ^,n the re 

beam diameter of the fir, be, ,s favourab, ^ ^ ^ _ , ^ 
of the main ray ,n «h ^ ^ ^ aberrations of the 

15 optical surfaces. Th,s is favo in the sense of th,s 

projection objective. A favourable area, * ^ an 

'application occurs whenever the ^^ ot overshoot a critical 
op ti ca, surface are ^J^^ t he angle between the 
limit value. Denoted here as ^ surface 

The thir d lens group in the region of the wa*, ^ ^ 

expanding the radiation. * P-P- — - 
as faw aberrations as possrble. - ( . power „ has 

, 0 , hird , ens group has only lenses w,«h a nega. ^ & ^ 

sssssssssu 
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subs.an.iauy symme.rica, cons.ruc.ion. Th,s ,s ^'"^ " 
particular, by virtue of .be fac. ,ba. mu.ually assigned lese of th same 
Le are arranged on .be objeo. side and image side of .he plane of 

ry J * *. *» *~ - — ^ 

h e bordering region of .be second and fourtb iens groups suob .ha. an 
eTregl facing «» .bird ,ens group, of .he second iens group, and an 
irregion. 'oiling .he .bird iens group, of .he fourth iens group can 
• e consluced subs.an.iaiiy symmetrically relative «o ,he plane o, 

mTe.ry .ying inside .he .bird lens group. A sy— < 
of neoative and positive meniscus lenses will be explained ,n further 
l a in oniuncuon wi.h .he embodiment. The symme.ry promo.es a 
Tareal Jess of .he lenses in coniunCion wi.h few aberrations. 

A, least one double; with a biconvex positive lens and a meniscus- 
Iped negative lens, following towards the image, with lens surfaces 
' wh ch are concave towards the obiec. is preferably provided ,n the 
lion directly upstream of .he system aperture, .ha. ,3 to say ,n rne 
Z -e s group Particularly favourable are embodiment having fcvo 
Z do 1 which can ,ol,ow one another diredy. A pos«ive ,r ,en. 
0 convex relative .o the image plane, is respectively arranged between .he 
"n se of me double.. Such doublet composed o, a collecting biconvex 
ens and a urging meniscus have a positive effect on .he correction 
;,a e and ca counlac, ,he aberrations which are produced by lenses 
: a strong. positive discing power downsfream of the sys*m 
,5 aperture It can be favourable, moreover, to arrange ,n the objec. s,de 
en^on of the fourth lens group a. leas, one meniscus lens, concave 
otards ,e obiec, with a positive refraCing power. 
the radiation coming from .he wais. in conjunction with a low area, 



stress. 



30 



l„ order to achieve very high numerical apertures, it is advantageous 

„ h« exclusively positive lenses. It is possible, 
when the fifth lens group has exclusively y 



\ 
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r mnre oositive lenses between aperture 
for example, to *™° ™«^ZL*e surface loads can be 
sto p and image plan. « ^ ^ cQncave towards the 
achieved whenever at least ^ ^ ^ , ens group . 

im age. with a positive refrachng P" P The last optica, 

5 , n particular, two or more sue ' "^J, , ens whic h preferabfy 
element is preferably formea y k 

flat exit surface, it is 
h as a spherical entry surface and a V rf 

p ossib,e thereby, on * ^"J^U - * 
spherical aberrate and »™ °* mhography . ln preferred 

10 „ exit surface is favourable .0 mme the centre of 

emb odiments, the plano-convex £ s .s hemispheri ca, 

^^^^^^ 
working distance. 

a chieved in preferred embedments w . ub1 , 
,enses so low that despite an aperture y g0% or 6ve n 

incidence angles whose sine ,s greate han ap ^ ^ ^ ^ 

any of the optical surfaces, a 

a nd the adjustment of the objective. 

»• SS^CT- 

calcium fluoride can be used, for examp 
. one Kind o, material facilitates producer an ^ 

of the objective design to other wavelength s. ^ ^ 

30 combine a plura.ity of Kinds o matena , d ■ ^ ^ ^ 

the correction of chromatic aberrations. » P ^ ^ URe 

UV-transparent materials such as BaF, NaF. 
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Figure 2 
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, • th« ripscriotion and the drawings also disclose 

at est be implemented on their own or severaUy in the form 
features to { embo diments of the invention and ,n 

be protected per se. In the drawings: 

snows a lens section through a first embod.mentot a 
refractive projection objective which is designed for a f : 

193 nm operating wavelength; 

shows a lens section through a second embodiment of a 
projection objective which is designed for a 193 nm 
operating wavelength; 

shows a lens section through a third embodiment of a 
projection objective which is designed for a 157 nm 
operating wavelength; and 

shows a lens section through a fourlh -bodimerU of a 
projection objective which is designed for a 193 nm 
operating wavelength. 

, n th e following description of preferred ^^^^ 

optical components. D.rechons directjon 
imag e side or towards ^^^ ^ *— 
o, the image the obj ec, when fhey are 



Figure 3 



20 Figure 4 
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■ = i= formed on a wafer which serves as a substrate 
examp ,e, = e s for^ o ^ ^ ^ ^ ^ 

and is prov,ded w,t , . ph Qf substrates for 

reference to air. 

clarity. 

homogeneous immers.on a pattern arrang ^ 
, re8de or the , :r; an .a = 3 toar^ 

ls perpendicular to the object piane and mage , 

obj ect-side ^ 8 f :l ing - image plane , has 

20 therebetween. The first lens gr p ^ 
a negative refracting power and a focal eng* o 

, nir o following thereupon, has a posmv« 
,ens group LG2, folio g gro(jp ^ f0 „ owmg 

with a focal eng«r cm rnn^ ^ ^ ^ ^ 

corresponds .n terms o 9 tne reupon, has a posrtrve 

9 rou P . A fifth lens m which is o, the order of 

refracting power and ^ ^ grQup and of the first lens 

30 magnitude of the focal leng g ^ arranged 

gro up LG1 in terms o, Ls group LG5 in the 

between the fourth lens group LG4 and 
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reg ion. near .ha image, of maximum beam diameter, that is .0 say in the 
second belly 8 of the objective. 

~« lens group LG1, — g - objec. piane 2 is — 
r esponsib,e for the expansion of the light bundle .nto the first belly 6. It 
5 Zprises three ,enses 11. 12. 13 with a negative refracting power, the 
ZLs 1 1 and the seoond lens 12 being configured as brconvex 
„ JZ lenses. The third lens 13 is a diverging meniscus in the case of 
I!, as a speoiai feature the concave side is directed no towards tne 
obiect 2 but towards the image plane 3. This arrangement* very 
„ ^ Lie for correcting the tangential astigmatism. 01herw,se e firs, 
,ens group includes two aspherics, specifically the entry s.des of the 
second and the third lens. The aspherics have a positive influence on 
the very good correction of the distortion and the astigmafism. 

,5 The second lens group LG2 comprises four collecting menisci 14. 15. 
' 1 7 facing the reticle or the objec. plane 2 with their concave £ a 

— «va lens 18 and two collecting men.sc. ^ '^..y 

::r:;ei:;;;7ane , - « ™. -^j - - « 

the curvatures of the meniscus surfaces run on the object s,de and 
2Q Z a e sL of the biconvex lens 1 8 in opposite directions with concave 
Ices evened from one another, ensures small area, stresses for the 
m enisci and the positive lens 18. and thus few aberrates. The 
loncave air lens between the biconvex positive lens 18 and the 

meniscus lens 13 has with its strong astigmatic undercorreCon 
25 favourable influence on the balancing-ou, of the astigmafism ,n .he 
front part of the system upstream of the wa.st 7. 

Th e .bird lens group LG3 consis.s exclusive,, of 
specificauy a negative meniscus lens 21 with ,mage-s,de 
30 surfaces a biconcave negative lens 22, .Cowing .hereupon, a further 
30 « negative lens, following .hereupon, and a 

,ens 24, following .hereupon, with object-side concave surfa.es. W,th 
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f ,mm^trv 9 Iving between the lenses 22 and 23. 

re,er r Te:: rr s — — - ^ to ,ens 

these four lense e J g ^ ^ rf ^ 

type (meniscus .ens « « ^ ^ i g ^ of ^ second 

optiC a, , ense8 25 . 26 of the fourth tens group L34. 

; len s group and the firs, tw ^ M 

fo „owing thereupon^ se ^ ^ ^ 

an :z tz^*°«™ °< — 9 ,n me ° pp r - 
::::: sl « * • -* « - --rr;": 

ot(V 9 .he two biconcave negative lenses 22. 23 are ag 
0 symmetry 9. the *» rf diamelert bv a 

foltowea ---^^n^^---"- «— * 26 o,the,ourth 

d rverg,ng men sous 24 an ^ (o ^ p , ane of 

::::: 9 z:ra « - - - - — - - — 

15 surfaces, and thus few aberrations. 

20 the coma and the astigmatism. 

nlin LG4 comprises on its entry side two positive 
meniscus lenses 20, ^ of the 

- - ~ d * ~ : r ^ — - 27 a n d 2 , 

25 doublets has. on the object side, a meni scus 28 and 30, 

respective,, an. -^J^^SS. oo,ect piane. 
respectively, whose concave ~*»"^ menisci 28 (f = . 

728 mm) 30 ( f ; e ITns group LG5 .Cowing downstream of .he 
30 coding tenses of .he nfthj s P ^ ^ ^ , ens 

sys .em apertur 5 The o ^ ^ ^ posjtjve ^ op , he 

the diverging meniscus insiue 
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correction o, image errors in the region o, me second bei.y 8. W,,h ,he, 
strong overcorrection of the tangentia, astigmatism, the two men.so, 28 
30 in particular the ,hicK meniscus 28. counteract the undercorreCon ,n 
the fifth lens group LG5. 

Th e fifth ,ens group LG5, situated downstream of the system aperture 5, 
is substanually responsible for producing the nigh numenca apart e 
Prided for this Purpose are exclusively co.leCng lenses. 
positive meniscus lens 31. arranged in ,he region of the system apertu 

following thereupon, with a slightly curved entry s,de and a more strongly 
; :i Lit side a positive meniscus lens 23. following thereupon w«i 
surfaces concave towards the image, a further positive men.scus len 
^ Zise with surfaces concave towards the image, and a terming 
„vex lens 35 with a spherical entry side and a flat ex,t s,de. The 
,5 Plano-convex - 35 w P undercorrected spherically 

:::r a I— -Teference to the coma. In the 
the correction of the spherical aberration and the coma ,s therefore 
demented substantially in conjunction with the configured o, the 
20 "etgroup^whichissituatedupstreamofthesystemaperture ( 

5 and creates a corresponding offset of these aberrabons. 

• Consequently the fourth lens group LG4 and the fifth lens group LG5 
^Z^L in combined for achieving a good correction state of 
25 he Pherica, aberration and of coma. An aspheric surface on the en ry 
-de he biconvex lens 27 o, the first double, substantially ^support, * 
correction of the spherical aberration, but also of the coma of thrrd order. 
TasPheric surface, arranged in the vicinity of the system aperture 5. on 
21 side of the positive meniscus lens 31 . convex towards the dec,. 
30 a, ,h mpu, of ,he fifth lens group LG5 chiefly corrects aberrabons of 
h g r o der and thereby maKes a subs,an,ia, con,ribu,ion to seft.ng a 
good aberration compromise. A likewise posiuve influence on ,he 
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tio „ o. aperture aberration and coma is exerted by the spherical. 
° t surface o, the plano-convex ,ens 35. The .atter is 

::: a ; — ed an p d - — » «- 

5 The .stent .as a worKing distance on t, ^e side - 

are corrected. The RMS va.u 1 ^ A 

t ^ The distortion of all field po.nts in the region 
at 4 mX. The ^ at gn operatmg 

prelection ^^^^ wit h the aid of conventional 
wavelength of 1 93 nm. can be pro reso | U tion of 

l5 techniques for lens production and coat.ng. and pemut» 
structures substantially below 100 nm. 

Xh e design described is fundamental,, suitablefor 

as we , by the use - :r :: : — r;: t : — 

20 terminating plano-convex lens 35 

layer 1 0 to form a lens which can t J evan escen, 

q uart Z S ,as, .n order , «— «» - 

field to be coupled ,n, m th,s case fce |n ^ 
surface of .he projection objeebve and the rmage pi 
25 region of 100 nm or below. 

The spec— of the design is summary = ay »n tabular 

form in Table , ^^Z^^ ~ — ' °< - f 
or one distinguished in another w y. thickness, of 

30 surface (in mm,, column 3 gives the .stance ^ deno ^ 
ft. surface from the followmg surface (« mm). ^ 
ma teria, o, the optica, components, and column 5 g,ves 
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ind ex of the material of the component, which follows the entry surface. 
The useful, free radii or half the free diameter of the lenses (in mm) are 
specified in column 6. 

5 ,n the case of the embodiment, six of the surfaoes, specifically the 
surfaces 4, 6. 15. 29. 34 and 44, are aspheric. Table 2 specfies the 
corresponding aspheric data, the aspheric surfaces being calculated 
using the following ruie: 

,0 P (hH«1/r)h J y(1*SQRT(1-(1 + K)(1/r) 2 h^)l + crh' + C2-h^... 

Here the reciprocal (1/r) of the radius specifies the surface curvature, 
and h the distance of a surface point from the optical ax,s. 
Consequently. P (h) gives the so-ca.,ed sagitta, mat is ,o say he ^nce 
,5 of the surface point from the surface apex in the z directron. that ,s to say 
in the direction of the optical axis. The constants K. C1 . C2, ... are 
reproduced in Table 2. 

The optica, system 1 . which can be reproduced with the aid of these 
20 data, is designed for an operating wavelength of approximately 193 nm. 
,or which the synthetic quartz glass used for all the lenses has a 
refractive index n = 1 .56029. The image-side numerical aperture ,s 1.1 
The system is adapted to a refractive index of the immersion med.um 10 
of n = 1 56. which permits a virtually ideal coupling of the light mto the 
25 immersion layer 10. The objective has an overall length (distance 
between image plane and object plane) of 1 162 mm. A Ugh. 
conductance (product of numerical aperture and image size also 
denoted etendue or geometrical flux) of 24.1 mm is achieved g,ven an 
image size of 22 mm. 

30 A variant of the projection objective shown in Figure 1 is explained with 
the aid of Figure 2. Lenses or lens groups of the same type or .he same 
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function are denoted by the same reference symbols for reasons of 
I X T e system V is optimized for a refractive index of .he immers, 
m Im of n = 1 ,7. and tbis corresponds ,o a value, which has become 
Known from ,be literature, of 157 nm for .be refraCve rndex of an 
; immersion fluid based on perfluoropolyether (PFPE). 

The fourth and the f,fth iens group differ in terms of design from that in 
accordance with Figure 1 . In LG4. the .hick memscus lens 28 of the firs, 
" ! I in Figure 1 is split up into an object-side, biconcave negabve 
0 ens " w- a on, <U -ed exi, side and a subseguen, biconvex 
' osifL lens 28" with a correspondingly only slightly curved entry s,de. 
Tbt splitting-up further reduces the area, stress o, .he optica, surfaces ,n 
I regln The rim ray o, the proton runs in a converging fashion ,n 
h alpaca between the subseguen. lenses 29, 30 upstream of the 

~ i th^ ^ntrv-side enses ol, ijt; K ca,aL ^ 
th^ fifth lens group LG5, trie entry 

ST- the dlign in Figure 1 and downstream of the system aperture 5 

are combined to form a sing.e, biconvex posrhve lens 32 . Th,s ,s 

sLTed a, a distance downstream of the system aperture 5, whrch can 

„ bussed padicuiarly easily. A further special feature cons.sts ,n that 

me svstem aperture 5 is situated between a plane, near the rmage, of 
the system apenu i c that is to say where 

maximum beam diameter and the .mage plane 3, that y 

iss. The specification of this design in the notation descnbed ,s 
specified in Tables 3 and 4. 

• P n„r. 3 is a third embodiment, designed for an operating 
30 Shown in F.gure 3 .s a th.ra em specification is 

wavelength of 1 57 nm. of a projection objechvel whose ? 

^en in Tables 5 and 6. «t is to be seen from the se.uence and the type 
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of lenses that the design is based on the design principle explained w,th 
aid of Fig-s 1 and 2. and so the same reference symbols are used 
or ,enses and lens groups with corresponding functions. As in the case 
of the embodiment in accordance with Figure 1 , no further op ca 
j element is arranged upstream of the firs, biconcave negative lenses 11 
tZ elective. As in the case of the embodiment in accordance . •* 
Fig ure 2, in the fourth >ens group LG4 the thicK men.scus len 2ft* «« 
one Piece in Figure 1 . >s sp.it up into a biconcave negahve lens 28 and 
directly following biconvex positive lens 28". Just as in the case of the , 

lenses 31 32 of the embodiment in accordance with Figure 1 . taKen 
over by a single, biconvex positive lens 3Z which initiates the ray 
oombiLion towards the image plane. .„ a way similar to the case of the 
embodiment in accordance with Figure 2. the system aperture 5 ,s 
, 5 luated inside the second be„y 8 downstream o, the region o max.mum 
oeam diameter, that is to say where the beam diameter already 
decreases again towards the image plane. 

The refractive index for the immersion medium is set a. n = 1 .37 which 
20 "responds to a va,e, which has become Known fror, .the tenure, for ( 
a RFPE-based immersion fluid sufficiently transparent at 157 nm. The 
image-side working distance is set to approximately 50 urn which 
corresponds in practical use to the thickness of the immersron layer. ,« 
may be assumed that suitable immersion fluids still have h,gh 
25 Zsmission vaiues of more than 90% in the case of this low threes. 

so only negligible, low transmission losses occur in the reg.on , of the 
immersion, this being favourable for achieving a satisfactory wafer 
Lughput. Pattern widths o, less than 70 nm can be resolved w„h the 
aid of this purely refractive proJeoHon objective, of excellent correction 
30 state, which can be implemented using conventional means. 
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embodrment ,n accorda ^ ^ object ^ „ 

, replaced by as g ^ an even more 

smaller overall length in conjunction with equally g 

, f 4-1 and an image-side numerical aperture NA - .0.9. A 

15 is r d";r a T:r;:: r^- — ■ — 

PrindP 'Vr Inv 2sTens -d moreover ,he average and maximum 
is . need for on v 2 Men ,e ^ embodimen(s . ln 

lens diameters are smaller m (hree 
pamcu-a, there is provision in the g , Q 

2 „ menisci 14, 15, 16. concave towards the object, a ^ ^ 

the menisci 17 of the Cher embod.ments berng absen ^ 

other embodiments, in .be *** -» 

- 28 :::::: - ,en S g r OUP LG3 a n : - 

25 26 of the fourth lens group corresponds to that ot 
30 scales and relatively large fields. 
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The correction state of a„ the embodiments shown is excellent. A 
I errations are corrected. The maximum RMS value «^ ™«^ 

deformation is very low and is below 4.5 mx for the embodiments n 

accordance w„h Figures 1 and 2. below 6.5 m, for the embodiment 
5 Tordance with Tables 7 and 8, and below 5.2 mX for ,he embodiment 

"accordance with Figure 4. Within al, the systems, the distort ,s ,n 

the region below 1 nm for all field points. 

It can be seen by the person skilled in the art from the examples that 
,0 umerous modifications of the designs are possib,e within the scope of 
'° Z : Sion. For examp,e. individual lenses can be split up — 

m ore separate lenses, or separate lenses can be comb.ned to form 

single lens having essentially the same funcuon. 

1S Embodiments w«h * or more lens materials are also P^ F " 
example, in the case of embodiments for 193 nm » is possible to ^prov^de 
a combination o, ienses made from synthetic guartz glass ano oa,c,um 
LoTde in order to facilitate chromatic correction and in order 

a s in refractive index because of compaction in regions o h,gh 
20 radiafion energy densities by using calcium fluoride lenses. Also 

! 1 is the use of other materials transparent to the ultravo.et „gh. 
Td lulh as balm fiuoride. sodium fiuoride. lithium Wide, strontium 
fluoride, magnesium fluoride or the like. 

« catadioptric systems for immersion lithography can also be designed 

eHentia, configuration ^^^^L 
here, in particular in the reg.on, near the .mage, 
the aperture stop. 

30 The fechnica, teaching of the invention explained with the aid of various 
exemplary embodiments shows that a range o, des.gn boundary 
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conditions should be taken into account when the aim is to design an 
opfical system suitable for -version Urography, part— one of 
such compact design. The following features can be benefice! 
Z iouaUV or in combination, immersion obiectives for which the image 
e,d diameter is greater than approximately 1%, in particuter greafer 
than approximately 1.5% of the overall length are favourable. 
Hie ligh. conductances (product of image field diameter and 

Lica, aperture, are in the region of above 1 %. in ^ ^ 
2% of the overall length. Four or more collecting lenses between 
epCe stop and image plane are favourable, it being preferred for on, 
doting lenses ,o be provided in this region. Preferably more tha four. 
Z o six consecutive collecting lenses are favourable in the second 
Is roup, in this case, preferably two cr more collecting memsc, w 
an objec. side concave surface are favourable in the entry region of the 

„ dins group and two or more collecting menisci with surfaces 
r: ,1 *e image are favourable a, the end o, the second lens 
7Z. -n the region of the first belly or of the second lem , = 
Lam expansion is beneficial for which the ^ TzZ^^Z* 
preferably more than 1.8 times, in particular more than 2 times ob, 
prere y , = „ c Hiameter in the second lens group 

i coin diameter The maximum lens diamerer in ure 

a btapproximately twice the minimum free lens diameter of »e third 
tens group in the region of the constriction. The maximum lens diameter 
„ the sTo d be„y following the constriction is preferably of the same 
: e "magnitude and can. in particular, be greater than twice he 

5 nr lum free diameter in the third lens group. In the reg.on of the ifiwd 
I group, tha, is to say in the region of the waist of the system, two 
oncave surfaces are preferabiy directly opposite 
enclosed by two surfaces curved in the same sense. The lenses 
^poetry adjoining towards the obiect and towards the image are also 

30 preferably designed and arranged in this way. 
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Particular lens distributions can be favourab.e. In particular, it is 
Tourable when substantia,, .ore ienses are situated u P= ^ 
system aperture than downstream of tbe aperture. The number of lenses 
P s ream of tbe aperture is preferably at leas, four times, n particular 
5 more than Ave times, the number of lenses downstream of the system 
aperture Five or more collecting lenses are preferably arranged 
bleen the region of narrowest constriction and the system aperture or 
aperture stop, the axial distance between the region o, narrowest 

Action and the aperture stop arranged "^^T^ ( 
0 is favourably at leas, 26%. if appropriate more man 30% or 35 /». of 
overall length of the projection objectives. 

Farther special features relate to the trajectory of and the relationships 

between principal rays and rim rays of the projection 
„ nrincioal ray is a ray which runs from a rim point of the object field 
15 tZ an acute angle to the optica, axis and which cuts the optica, 

H u a r : m rav i n the sense ui me 

. , a _ : r fu p CLVSteiTi apertuic:. f~\ Mill 

avk in the feu On ui mc ^yaicm «K . - 

: a P p,Lon leads from the middle of the object field to .he nm ot 
L aperture stop. The perpendicular distance o, these rays from *e 
20 lea, axis yields the corresponding ray height It can be — 

when the prLiple ray height is greater in abso.u.e value up o the end of 
the second lens group than the rim ray height, this relationsh.p 
; ef : ably no, being reversed until in the region of the third lens grou^ 
The maximum rim ray heigh, is preferably more ,han twice. ,n parficular 
25 m ore ,han 2.3 ,o 2.5 times., the rim ray heigh, in ,he reg.on , of the 

narrowes, cons.riction o, ,he ,hird lens group. I, is favourable when , he 

ame,er of «he rim ray is Kep, sma,, in ,he region between , e fourth- a d 
fifth lens groups. ,ha, is to say in the region of me system aperture. Th,s 
Z rlsponds to a smallest possible .oca, length of the fifth lens group 
correspo T h» foca, length of the fifth lens group is 

30 following the system aperture. The foca, length 

preferably smaller than 15%. in particular sma„er than 10 A o 
Lngth. Preferred systems are doub.y te,ecen,ric. and so tire pnncpa, ray 
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ndicular both to the object plane and to the image 
* substantia,* P«-£^£ p ,, ndpa , ray coming from the object 
piane. In preferred systems, t J> f , ve , ense s. that 

fie ,d should s«.l have • ray heig „ away from the 

is to say a trajectory * * ™ ^e, when the sine of the maximum 
5 optica, axis. ,t is favour * * - regfon ^ object „ 

principal ray divergence angle I rf 

Lre than 5 0 % of .he near the object in 

aspheric surfaces are P « ^ ^ princjpal , ay he igh, in order 
which the rim ray height is greater tn 
10 ,o promote a favourabie correction state. 

, tes to a projection exposure machine for 
The invention also relates g refraclive 

lithography which ^ . Th e projection 

projection objedve m accord ^ ^ ^ introducing 

15 expo sure machine ^ ^* „ example a liguid of suitabie 
and keeping an immersion me *^ syrface of the projection 

refractive index, between th last P is a me ,hod for 

objective and the substrate to be exposed. A*> ^ 

producing semicond - * 3 — " 

20 structural e.ements, ,n the -e o ^ ^ ^ 

in ,he object plane of a projection ^ projecUon 

- T" rJ^ZZZZ transparent to light at the 

objective and the suDsircii 

operating wavelength being transil.uminated. 
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Table 1 



SURFACE 



RADII 



THICKNESSES 



LENSES 



lerftAcrtvc »oa 

193.304 nm 



1/2 FREE 
DIAMETER 



0 
1 
2 
3 
4 
c 

6 

7 

8 

9 
10 
1 J 
12 
13 
14 
IS 

: 6 

17 

IB 

15 

2C 

21 

22 

23 

24 

2£ 

2G 

27 

28 

2S 

30 

31 

32 

33 

34 

35 

36 

37 

3 S 

35 

40 

41 

42 

43 

44 

45 

46 

47 

4g 

49 

SO 

52 

52 

c - 



c . ooooooooo 
o . ooooooooo 

-697 .373131352 
317 . B77750ei6 
♦385 .5373G1474AS 
6R4 .S7B717624 
612 ,57904ie06A£ 
3l£ .238108546 
-626 .303175512 
-204 .03672956S 
-942 .407223501 
-31? .6231542-/2 
.pes 5793*0710 
-222 .120764338 
-365 .979641333 
-300 .375347712 
€22 .472470310 
-556-206013695 
125 .290972565 
140 .228400611 
12B .146489274 
178 .381821741 
764 .210626300 
81 .619S67541 
-321 .577506735 

133 .065440504AS 
-27S ■ 984572757 
26BS.50334335S 
-83 .024363434 
-271 .5O0870516AS 
-234 -062816820 
-I2b.67921339e 
-}71. 070689222 
-158.S5S144143 

84 4 -S6510312EAS 
-293 .770426726 
-170 .06162068"/ 
-316.315520485 
£23 . 625371532 
-375.372716473 
-246-921005408 
-460. 14B730C28 
0 .OOOOOOOOO 
S06- 946830874 
1011.956468931AS 
1760.7C1259607 
-371 . 926449461 
194 .2442615.42 
6B5.96220SS22 
109.S50774593 
156. 82377SS4G 
118 .652507648 
0. OOOOOOOOO 
0. OOOOOOOOO 



2\ .5J50160000 
c ££S665462 
6.S30739C19 
13.366856184 
6 .015567568 
22.G92S66944 
125C3G3S007 
24 .050777166 
64 .776662B54 

1 . ooooooooo 

39.153776761 
J . 21 2033169 
6- i^=i752S2 
1. OOOOOOOOO 
16. 565S4717Q 
1. OOOOOOOOO 
44 .791302453 
1 .0?0913522 
40.672419816 
1 .007703555 
23 . 605630320 
21.3L7336106 
e. 040530767 
55- U11B0427 
6 .010204876 
25.116630876 
12 . 121405S82 
41 .843073620 
9.216662930 
.122875020 
34.313633291 
1.3753808S1 
40. 5647662ee 
2.1 A2646331 
42. £56394 67£ 
26.164527092 
40.277028630 
10.5U36C7026 
56.7l*675b£os 
20.1S6323251 
la .567257168 
I6.4c5354474 
-15.4^5394474 
18.875460556 
22 .930981004 
42.729861927 
1.251397272 
42.532993341 
1.1267S3967 
24 .27G356E65 
1 .072372522 

80 ooooooooo 

8. 436241291 

o ooooooooo 



S102 
SI02 
SI02 

S102 

ST02 

S102 

S102 

S102 

SI02 

SI 02 

S102 

SI02 

SI02 

SI02 

SI02 

SI02 

SI02 

SiOZ 

S102 

S102 
S102 
STC2 
SIC2 



SI 02 

Immersion 



1.56028900 

1.S602B900 

1.56028.900 

1.56026900 

1.56028500 

1 . SGG25300 

1.56028900 

1.56028900 

1.S602690O 

1 .S602B900 

1.56028900 

1. 56023900 

1 . 56026900 

1 . 56028900 

1.56O289C0 

1.560269C0 

I.56C2890C 

1 .56028900 

1 .56020900 

1.56028900 

1 .56028900 

1 .56028900 

1.56028900 

1.56028900 

1 .56028900 
i .S6G0C000 



55.000 
59.973 
60.658 
63.806 
65.103 
70.051 
66.338 
92.S85 
95.153 
120.585 
130.738 
137.817 
145 .557 
148.413 
148.696 
150.000 
146.385 
145.364 
113. 5S2 
99.382 
97.047 
37.913 
85.346 
66.098 
63.499 
62.S07 
62.961 
£8-171 
69.398 
50.369 
53.111 
&e.648 
132.720 
116.023 
122 .022 
122.344 
122.713 
137.139 
143.361 
143.139 
142.262 
145.978 
144.329 
144 .915 
144 .124 
343.914 
143.620 
120.019 
114.527 
88.972 
79.549 
72.749 
15.439 
11.000 
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Table 2 



ASPHERIC CONSTANTS 
SURFACE NO. < 



K 

CI 
C2 
C3 
C4 
CS 
C6 
Cl 
C9 
C9 



0 .0000 

2 .i3C47921e-007 
-3 .57?3330le-0H 

2.53263CC:3e-Ol5 
-4 .6i46iC7Ie-0lS 

1.62740330e-027 
.3 43732SS3e-031 
O.GOOOCOOCe-OOO 
C ,0O000O00e*O3C 



SURFACE NO. 



K 

CI 
C2 
C3 

ca 
cs 

C6 
C7 

cs 

CO 



0 . 0000 
-1 ,I4265G23e-007 

2.02l6662Se-0:l 
-1.764G310Se-Gl5 

2.3630S340e-0l9 
-2.S5314B39e-02:* 

1 .35459868e-027 
-2.70730236e-032 
0. OOOOOOOOe+OOO 
O.OOOOOOOOe+000 



SURFACE NO. 



25 



K 

CI 
C2 
C3 
C4 
C5 
C6 
C7 

ca 



\ 



0. oooo 

-9.7BS>144l3e-C08 
-4.33l66283e-Cl2 
-6.0lCOlS63e-Cl7 
-I.3l61l936e-01S 
6.54375176e-C23 
_1.37293SS7e-026 
1 .58764S7ee-03& 
0 . O0OOOO0Oe*CO0 
O.OOOOOOOOe+OOO 



SURFACE NO. 



29 



K 

CI 

C2 

C2 

C4 

CS 

C6 

C7 

C8 

CS 



0 .0000 
2 . 994973076 
-3.36l31943e- 
-9. 61008384R- 
2 .056475S5e- 
-2 ,5616701Be- 
1.74321C22e- 
-7 . 59802G84e- 
0 . OOOOOOOOe* 
0 .OOOOOOOOe-t 



008 
012 
017 
020 
024 
028 
03* 
.000 

rOOO 



SURFACE NO. 



34 



K 

CI 
C2 
C3 
C4 
C5 
C6 
C7 

cc 

CV 



0 . 0000 
-5.83593306e-CCS 
-4 0e2S3892e-C15 
-3.4092e951e-03S 

1 . 364 6<£423e-G22 

- 1 . 0309C955S-026 
A . 020lSSi6e-C31 

- 9 .895437596-036 

o! coooeoooe+coo 

0 . ooOOCOOOe-f OCiO 



SURFACE NO. 



44 



K 

CI 
C2 
C3 
C4 
CS 
C6 
C7 
C8 
•C9 



0 . 0000 
-S . lB9l0040e- 
3 . S1025484e- 
-5 .47716488e- 
4 .43561455e- 
3 . 42844064e- 
-1 . 9772402le- 
2.224S61l7e- 
0 . OOOQOOOOe* 
0 . OOOOOOOGen 



0G9 
013 
018 
023 
028 
032 
037 
• 0O0 
► 000 
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Tablo 3 



SURFACE 

0 
1 
2 
2 
4 

s 

6 

7 

B 

9 
10 
11 
12 
13 
14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

2S 

26 

27 

2E 

25 

30 

31 

32 

33 

Zi 

35 

36 

37 

36 

35 

40 

41 

42 

43 

44 

45 

46 

4? 

46 

49 

50 

52 

52 

53 



RADII 



0 

0. 
-603 

260. 
-461. 
6B1. 
421. 
306 . 

-&ei. 

-39*/ . 
-10-19 . 
-266 . 
-659 . 
-209. 
-S65 . 
-410. 

809.. 
-599 
136. 
157 . 
126. 
157. 
795 • 
78 . 
-647 . 

148 
-137 
1367 
-8,7 
-3 96 



-317 . 
-136. 
-384 
-1S6 
SC7 
-280 
-166 
988 
1106 
-353 
445 
-460 
-248 
-240 
0 

1026 
-417 
189 
698 
3G2 
2 67 
123 
0 
0 



ooooooooo 
oooocoooo 

070624671 
91633278 • 
660521347AS 
261406487 
79671282SAS 
236502978 
743075988 
bifc2*o ~U7 
995266570 
5 4 934 8 161 
273684770 
207390137 
.79S5SS961 
. 84866B817 
.207497255 
.2602B7529AS 
204267826 
516637917 
013978931 
519818688 
4S5608357 
, 910295716 
. 136797738 
.15B813477KS 
. 858636028 
.448704100 
.2SS013445 
.760639119AS 
.095597644 
. 816156215 
. 621022314 
. 063116757 
. £20124 07 E.J.S 
.885163902 
.502630134 
.468038660 
. 563200370 
.437766566 
. 624457242 
.556S66224AS 
.318425801 
. 049722714AS 
. OOOOOOOOO 
. 96350S660 
.46560263 S 
. 021074062 

095904S6GAS 
. 988479122 
. 347263939 
. S1S863411 

. ocooonoco 
ooooooooo 



THICKNESSES 

21. 980160000 
6.2*6262492 
S . 913062455 
12 - 200237883 
d. OuCliOOOOO 
25 . 150533824 
12 .410023997 
22 .641Q5C301 
64 . K'i3C2259 
1 .022715830 
29.472283137 
2. 251082976 
£2 .06.92S6568 
1.008491553 
1£ . 829681399 
1 . 000000613 
27 . 55504 5362 
1 . 00 GOO 0015 
42 .528385200 

1 . coooooooo 

34 - 0S1407776 
2>. 554259229 
9.025B2B932 
28.235934318 
8.. 00f»000i84 
22 .440106724 
9.560377452 
41.007582498 
Q.47S217B65 
6.472661900 
34.3.0C;0216*4 6 
1. 95648729i 
2a. 250051268 

1 . ooooocoos 



25.554-610908 
S. 233823967 
6.683211723 
<4.0©5572370 
1. 000000005 
S2. 624318854 
26.158S09BBO 
26.706472160 
36.212593082 
12.526710616 
42 .907268082 
2 . 875432853 
41.829218814 
1. 076270540 
-M.0S3223871 
1 034746212 
73 S993732S2 
lO J66030727 

a . ooooooooo 



LENSES 

L.710 

L710 

SI02HL. 

HE1S3 

SI02HL 

UE193 

SIC2HI- 

KE193 

SI02HI. 

HE293 

SI02HL 

HE193 

SI02HL 

HE193 

SI02HL 

HE193 

SI02HL 

HE193 

SI02HL 

HE193 

SI02HL 

KE193 

SI02KL 

KE193 

SI02H1. 

KE193 

SI02K1. 

HE193 

SI02HL 

HS193 

SI02HL 

HE153 

SI02HU 

HE193 

HE193 
SI02HH 
KE193 
SI02KU 
HE193 
SI02KL 
HE193 
SI02KL, 
HE193 
KE193 
SI02HL 
KE193 
SI02Hlf 
HE193 
SI02H1. 
HE193 
SI02HL 
2 HMERS 



RE TRACTIVE IMOtX 

???.?? nm 

C .99958200 

0 .99958200 
1.56020900 
0 . 99971200 

1 .5G0289O0 
0 . 99971200 
1.56028900 
0 . 999*71200 
1 . 56028900 
0.99971200 
1 .56028900 
0 .59971208 
1 .56028900 
0 .99971200 
1 .56028900 
0 . 99971200 
1 .56028900 
0.99971200 
1.56028900 
0 . 99971200 
1.56028900 
0 . 99971200 
1 .S602B900 
0.99971200 
1 .56028900 
0.95971200 
1.56028900 
0 . 5-5971200 
1 .56028900 
0 . 99971200 
1 .56028900 
0.99971200 
1.56028900 
0. 99971200 
1 . 55C2SSO0 
O .999*71200 
1.56028900 
O. 99971200 
1.56028900 
0.95971200 
1.56028900 
O . 99971200 
1.S602B900 
0. 99971200 
0.99971200 
1 .56028900 
0.99971200 
1.5602B900 
0.99971200 
1 .56028900 
O. 99971200 
1.56028900 
1 . 37000000 

1 . oooooooo. 



1/2 FREE 
DIAMETER 

S5.000 
55.974 
60. 690 
64 .385 
65.798 
70. 467 
89.920 
95.293 
97.777 
122 .195 
130.947 
136.447 
143 .894 
146.415 
145. 40B 
146.045 
142.424 
141.453 
113.454 
101-084 
96,007 
84-914 • 
e2.369 
63.551 
63-056 
61.484 
62.472 
66.716 
68.713 
eo .202 
50.92 5 
56.0S4 
107 .862 
111.057 
■» n m . 525 
317.903 
117 .263 
131.802 
134.587 
136.483 
142.735 
142.372 
141.622 
146.673 
142.237 
142.523 
142.184 
121.251 
117.434 
91.356 
84 .177 
77 .713 
2S.C89 
11 . 000 
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Table 4 

ASPMERIC CONSTANTS 



SURFACE NO. 



K 

CI 

C2 

C2 

C4 

C5 

C6 

CV 

CB 

C5 



0 0000 

2 26522214e-G07 
.5923665ie-011 
2.92l33'725fe-015 
-3.77696224e-019 
7.963B88586-024 
3.S19&63BS6-027 
-4 .547113246*031 
0. Q000O0O0e + 000 
0 .oOOOGOOOe+OGO 



SURFACE NO. 



K 

CI 

C2 

C3 

C4 

C5 

C6 

C7 

CB 

C9 



0 .0000 
-1 l9O63l!7e-007 

1.94l33266e-01i 
-1 B1962009e-0l3 

2.25i93097e-0l2 
-2-.255£6556e-023 

1.19237334e-027 
-2.5l564924e-032 

0 oOOOOOOOe-fOOG 

0 O0000000e+000 



SURFACE NO. 



17 



K 

CI 

C2 

C3 
C4 
C5 
C6 
C7 
CB 
C9 



0.0000 

il.74275723e-0H 
-2.04l35734e-014 

7 676G6306e-0l5 
-1.937156066-023 

n .92834O24e-027 
-7 .02565B37G-032 

: .i4576119e-02& 

0 QOOOOOOOe+OOO 

0.00000000&+000 



SURFACE NO. 



25 



X 

CI 

C2 

C3 

C4 

CS 

C6 

C7 

CB 

Cb 



0 . 0000 
-S . «970S361e-0Ca _ 
.3.25537639e-0j2 
--5 930l2408e-03o 
-V. l77S159Be-020 
4 . 34261S55e-023 
-1 0l9O1896e-0Z6 



,^e4l266e-030 
OOCOOOOOe+OOO 



o . ooooeoooe+ooo 



SURFACE NO. 



2 9 



K 

Ci 

CI 

C2 

C4 

C5 

CG 

CI 

C3 

C3 



0 . 0000 

-> Cl6631"4e-0Q& 
-I .lGISS21ie-0^ 
-2 .lD0!7649e-01 ' 
1 39£90G46e-020 
-1 .£ll£3lS9e-CX4 
g 555I0005e-C23 
154i4270e-033 

0 .o-ocooocoetooo 

0 .t:C.7CO00Oft+O00 



SURFACE NO. 



K 

Ci 

C2 

C3 

C4 

C5 

C6 

C7 

CB 

C9 



0 . 0000 
-4 .236370176-009 
-3 .29710303e-0l4 
-3 .527568036-018 
-4 .13266l20e-023 

-2 .l66538e0c-027 
2.276S114le-031 

-B .70S96013e-026 

o .ooooooooe+ooo 
o.ooooooooe+ooo 



SURFACE HO. 



41 



K 

CI 

C2 

C3 

C4 

C5 

C6 

C7 

ca 

C9 



0 .0000 

3 ,45855542e-009 
5.47566277e-0i4 
-3.856l0770e-OiB 
2.7404113Be-023 
X.86632362e-027 
~3.4474*2394e-032 
3.295Tl792e-038 
0 OOOOOOOOe+OOO 
o!o0000000e+000 



SURFACE NO. 



43 



K 

CI 

C2 

C3 

C4 

CS 

C6 

C7 

C8 

C9 



-3 



-1 



0000 

55073B02e-OlO 
,63322458e-C14 
.644l5866e-Cl9 
.O0'l5347le-023 
.9832935Be-027 
5.52524526e-032 
4 .80B76S07C-037 

0. ooooooooe+ooo 

O.O0OO00OO6+000 



SURFACE NO. 



48 



K 

CI 

C2 

C3 

C4 

CS 

C6 

C7 

C8 

C9 



0 . 0000 
-2 .252B94B4e-005 
2 .62711822e-013 
3 l2B83!95e-0lB 
-2.96009757e-022 
1.939'69203e-026 
-7 .O2702044e-031 
1. 40329412e-035 
O. OOOOOOOOe+OOO 
0 . OOOOOOOOe+OOO 




-28- 



Table 5 



SURFACE 



RADII 



THICKNESSES 



LENSES 



craxenvr xkwx 

???.??• am 



1/2 FREE 
DIAMETER 



10 
11 
12 
12 
14 
15 
16 
17 

ie 

19 
20 
21 
22 
23 

24 

25 

26 

27 

28 

25 

30 

33 

32 

33 

34 

35 

35 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 

51 

52 



0 

0 - 
-653. 

234 . 
-541 - 
809 . 
437. 
. 315. 
-1055. 
-i4C. 
-833. 
-246- 
-667 . 
-230 
-635 
-420 
662 
-650 
143 . 

no 

• 127 
149 
093 
€5 
-554 

123 . 
-202. 
13GB. 

-B7i 
-341. 
-270. 
*-.13i. 
-356. 
-160. 

7 j £ . 
-265. 
-165. 
1.233, 
156e 
-334'. 

446. 
-481 
-257. 
-3 52 

0. 
1571 • 
-395. 

ies. 

737 
113 
196 
124 
0 



ooooooooo 
ooooooooo 

200153242 
066815276 
44372S622AS 
©87252810 
C17712275AS 
047932822 
2CG104O70 
4 177777 £~ 
235756565 
09716796E 
622333065 
265301422 
S89091493 
e979B0530 
574050518 
602325928AS 
505353739 
361035751 
366697165 
7S7517BS0 
404652745 
474735309 
,412830267 
, 88777252SAS 
032636775 
C272250S0 
72271S327 
S675S4 5 03AS 
252572221 
525570131 
2 722672-72 
466735227 
41725292 i/ih- 
9S176C3G2 
.413076226 
,439177420 
.954811160 
43642E426 
402BB5926 
776222S21AS 
207325099 
35124-S424AS 

ooooooooo 

53e€l3070 
S3019O529 
.5.94 £54.04 1 
.400220721KS 
.S71C25122 
.560240242 
.515012572 

.ooooooooo 

. 00 OGC 000-1 



21 . £ 150160000 
5.. £21159592 

10 . 7GS637537 
14 .:S2 447066 
8 .Cc5016.127 

22 . C50P52617 
i G . 525405540 
22 .222216303 
58 .241607282 



1 . r5ui=710y 
45.202556015 
G . 567867993 
58.527126374 
1 . OOOOOOOOO 
52 . 689523957 
1. OOOOOOOOO 
42-565465096 
1.000000000 
39.212156678 

i. ooooooooo 

33.064705540 
27 -658696477 

B . ooooooooo 

42.082501866 
6 . OOOOOOOOO 
36.0S7576773 
0 . OOOOOOOOO 
29.670256843 
6 .1505*29605 
7.243142706 
34 . &12062471 

1. ooooooooo 

• 37.218470508 
3 . OOOOOOOOO 
44 .411516365 
26.777077207 

b!.ooooooooo 

5. 704973559 
42.925033480 

1 . ooooooooo 

53 .515273529 
28 . 664604302 
29.6S1S11432 
6. 074724759 
8 .13511266.6 
41.393617207 
4.&5S62fiSSl 
44 . SS3603417 
1 .254530428 
34 .166140512 
1 . COGCOOOGO 
92.227372544 
0 . GSGCGC026 
0 . COOOGOGOO 



L710 

L710 

CAF2KL 

HE193 

CAF2HL 

HE193 

CAF2HL 

KE193 ■ 

CAF2HL 

CAF2HL 
HE193 
CAF2HL 
HE193* 
CAF2HL 
HE193 
CAF2HL 
HE193 
CAF2KL 
HE19 3 
CAF2HL 
HE193 
C?tP2KL 
KE2 93 
CAJ2HL 
KE193 
. CAF2EL 
HE192 
CAF2HL 
HE193 
CAF2HL 
HE19 3 
CAF2KL 
HE193 
CA?2KL 
HE193 
CAF2HL 
HE192 
CAF2HL 
HE193 
CAF2HL 
HE193 
CAF2HL 
HE1S3 
HE193 
CAF2HL 
HE153 
CAF2HL 
KE1S3 
CAF2KL 
IIS193 
CP-F2HL 
2MHERS 



1 . 00000000 

1 . ooooocoo 

1 .55048720 
1 . OOOOOOOO 

' 1 .55B48720 
1 .OOOOOOOO 
1.558487-20 
1 . OOOOOOOO ■ 
1.5S84B720 
1 . OOOOOOOO 
1.5564B720 
1 .OOOOOOOO 
1.55848720 

1 . ooooocoo 

'1.55848720 
1 . OOOOOOOO 
1.55848720 
1 . OOOOOOOO 
1.55848720 
1 . OOOOOOOO 
1.55648720 
1 . OOOOOOOO 
1.55846720 
1 . OOOOOOOO 
1.5S848720 
1. OOOOOOOO 
1.55840720 
2 iOOOOOOOO 
. 5S848720 
.OOOOOOOO 
.55848720 
.OOOOOOOO 
1.55848720 
1 . OOOOOOOO 
1.55848720 
.1 . OOOOOOOO 
1.55848720 
1. OOOOOOOO 
1.55848720 
1. OOOOOOOO 
1.55648720 
1 . OOOOOOOO 
1.5S648720 
1. OOOOOOOO 
1 .OOOOOOOO 
1.55648720 
1 .OOOOOOOO 
1 .55648720 
1 . OOOOOOOO 
1 .£5648720 
1. OOOOOOOO 
1 .55E4872C 
1.37C000OO 
3 . OOOOOCOO 



1 . 
1 . 
1 . 
1. 



• 55.000 
59.973 
60.652 
64.-672 . 
66.216 
70.663 
88.269 
94.661 
97.341 
124 .455 
130.520 
136.765 
147.021 
152.069 
151. 7B2 
155.231 
150.819 
149.697 
117.562 
106. 663 
59.558 
88.267 
85.667 
67.021 
65.854 
63.605 
64 .919 
ee. 992 
70.057 
89.660 
92.272 
97 .490 
105.741 
113 .010 
121.086 
121.404 
120.698 
135.519 
136.852 
13B.75S 
145.983 
145.641 
141.355 
146.219 
142.606 
143 .060 
142.883 
122.056 
117.735 
91.975 
85.029 
76.352 
11. 063 
11 .000 



\ 
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Table 6 



ASPKEBIC CONSTANTS 



SURFACE NO. 



K 

CI 
C2 
C2 
C4 
C5 
Co 
C7 
Co 
C? 



7. 3905 

2 . 19 4 90S £5^-007 
-3 . 1647B613e-01i 
2 . 6565924LC-G15 
.3 .S42SS71SS-019 
I".3092S174&-023 
2.26447606e-027 
-2.S4476123e-02i 

o . oceoooooe+ooo 
o ! ooooocooe+oo° 



SURFACE NO. 



K 

CI 

C2 

C3 

C4 

CS 

ce 

C7 

cs 

C9 



0. 62=3 
-1.14294eSSe-007 

1. S78423oGe-011 
-1 7Sl64066e-015 

2*.3430423Qe-OXS 
-2.31I944VSe-023 

1 12S 3 64 97c -027 
-2 . 03074756e-032 

o.ooooocoda+ooo 

0. 00000000e+000 



SURFACE NO. 



17 



K 

CI 

C2 

C3 

C4 

CS 

C6 

C7 

C8 



0,.787e . 
-3*.05<304S7e-OlO 
-4 . 8S773136S-014 

3. 06S231?0e-0lB 
-1.4751SS54&-023 

1.34257146fc-027 
-5.2390624Ce-032 

B*. 110695517 e-.W 
O. OOOOOOCCe+000 

o. ooooooooes^eoc 



SURFACE NO. 



25 



K 

CI 

C2 

C3 

C4 

C5 

C6 

C7 

CS 

C9 



0. 0013 
-6.901631Sle-006 
-2. 0S8034S2e-0l2 
-3 489562535-016 
-3.56451&64e-020 
2.162S46S4S-023 
-3 S6&01C2 Ge-027 
6.60002225^-031 
O. 0000(i000 = -r000 
0. COCCCOC03-C03 



SURFACE NO. 



79 



K 

CI 
C2 
C3 
C4 
CS 

ce 
a 
ce 



-C. 033 4 
3.G2&09717S-005 

-3.e922534T-2-Cl2 

-2.20202528S-C-17 

1 3B£S03S4=-020 
-1.75l2&022*-C2<i 

S.45164J6?^-029 
- /j . 34B31621-2-C23. 

G. ooooooooa*ooc 

0 . 3 0 l«000O0 ft ?ooo 



SURFACE NO. 



34 



K 

CI 

C2 

C3 
C4 
CS 
C6 
C7 
CB 
C9 



1.54 40 
-3 .432673306- 
-1.3445.0662ft- 
-2 .252663H4e- 

9.75729676e« 
-1.35202T32e« 

e.B051B229e 
-2.65068l79e 

0 . OOOOOOOOe 

0 . OOOCOOOOe 



009 
014 
016 
023 
026 
03 3 
• 025 
.000 
► 000 



SURFACE NO. 



41 



X 

CI 

C2 

C3 
C4 
CS 
C6 
C7 
C8 
C5 



0.0B72 

3 .26£05609e-009 

7^76O091OOe-014 
-i B2550327e-0ie 

2.2BO07e5Oe-023 
-2.34l53651e-028 

1.343"?6006e-032 
-1.0l62l£32e-036 
o. ooooooooe+ooo 

O.OOOOOOOOe-^000 



SURFACE NO. 



43 



X 

CI 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

CS? 



0.0312 
-4.9S667B22e-C10 

I.l£3l6140e-C12 
-1.4l640795e-018 

7 0£36564lft-023 
-2*.43649454ft-027 

6.S336256€e-022 
-6- 2£5B8420e-C37 

O.OOOOOOOOe+OOC 
0. O0O0O0OOe+0OC 



SURFACE NO. 



46 



X 

CI 

C2 

C3 
C4 
CS 
C6 
C7 

ce 

C9 



-1.8716 

-4 .014l4746e-009 
1.94301708e-013 
4 .O7775064e-O18 
.4 .70574709e-022 
2 .42€42€56e-C26 
.a.38949612e-031 
1 .3818S311«-C35 

o.ocooooooe^ooo 

C .C00QOOO0C-+0O0 



\ 
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Table 7 



SURFACE 



RADII 



THICKNESSES 



LENSES 



RETRACTIVE XtOBC 

1ST . 6 nm 



1/2 FREE 
DIAMETER 



4 

b 
6 
7 

a 

9 

ii 

12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
22 
24 
IS 
26 
27 

2a 

29 
30 
31 
32 

34 

36 
37 
38 
39 
40 
41 
42 
43 
44 
AS 
46 
47 

4a 

49 
50 
51 

52 
£3 



0 
0 

-683 
2-11 
-561 

es? 

4G0 

-1055 
-463 

. QC 7 



-235 
-579 
-221 
-77S 
-525 . 

660 . 
• 122 . 
147. 
1*74 . 
118. 
140. 
7B8 . 
03 . 
-597. 

13G. 
-200 . 
1550. 

-86. 
-36,0- 
-2B0 
-132 
-361 
-1SS 
7S0 
• 2 65 
-169 
1077 
1605 
-233. 

448 . 
-4H7. 
-256. 
-253. 

O. 
3499. 
-394. 
:6fi. 
731 
114 
164 
123 
0 
0 



OOCOOOOOO 
OfaOQCf-OOO 
G77CG2960 
5C4=iCI94 
327274 fiCAS 
454*. 74317 
, 792577467AE 
.294615517 
. 3623195S0 
. 111?2£h4Z 
19512 LwiS 
.K5R53"'93e 
. 940954244 

.e:ve;:: ess 

.372223225 
. 91566=017 
.302511224 
.4c794ri29A£ 
.955556945 
. 954 OK 07 
.333525649 
.216122098 
.02792 5344 
.02fl23:-631 
396361251 
SSbCle 017AS 
195292002 
730497600 
362069271 
17945 : 1:7 OAS 
601605332 
• , i25*;:59S 
662146157 
165S~T«20 
946018427AS 
. aOCSF. 1705 
.591349359 
. 13 0465S70 
.65320S560 
.794562037 
.584239713 
. 26614 4 069AS 
.060121302 
. 759C22671AS 
0000OGOO0 
14e9vC*:20 
545474104 
=■8373 11*38 
593 9SG09SAS 
, 385 9S ::-3 9 
.018625O7S 
, 257012 2 60 
. 0O00GCO00 
. COCO"! 00 



21 . 980160000 
5 .694922030 
0. 000016965 
13 . AS21754I 9 
8 . 000000000 
23.2624135U 
11.762291230 
72.2G510e600 
71.454E92B62 
2. 3C7S26569 
4S . S47S1714S 
5. 659224997 
54 .679651202 

I . cocoooooo 

IS. 061B22940 
l.OOOOOOOCO 

38 .720317303 
1 .000900000 

3B .541140120 

i . ooooooooc 

33 . 4041227B6 
20 . 013496674 
8 .4572396S0 
41 .376404325 

a . oocoooooo 

31 . 536496065 
8 . OOOOOOOOC 
43 .442178500 
8.210360232 
2.567422592 
34 .872961631 
1. OP4709SS9 
27 .7226S7S96 
1 . OOOCCOOGO 
43 .541363913 
25 . 9300471G0 
8.030377840 
5 . 6B25G9489 
42 .332820801 
1 .000000000 
52.027765046 
37.362834300 
40 .279714930 
7.564240001 
10.832272687 
42. 690e70521 
390581943 
43 .317430646 

1 .oocoooooo 

33.92683 3476 

1 . ooooooooo 

93 .333990149 
0 .050000000 
9 . OOOOOOOOO 



CAF2HL 

CAF2KL 

CAF2VTL 

CAF2HL 

CA.F2HL 

CAF2HL 

CAP2Klr 

CAF2HL 

CAF2M1» 

CAF2HL 

CAF2HL 

CAF2KL 

CAF2HL 

CAF2K1. 

CAF2HU 

CAF2HL 

CAF2HL 

CAF2HL. 

CAF2HL 

CAF2HL 

CAF2HL 

CAF2HL 
CAF2HL 
CAF2HL 



CAF2HL 
Immersion 



1 .SSB48720 
1 .55848720 
1 . S5e48720 
1.5SB48720 

1 .55848720 
1. 55848720 
1.S564B720 
1.55848720 
1 .55846720 
1.55848720 
1 . SSC4G720 
1. 5S84B720 
1.SSB48720 
1 . 55B4D720 
1.55646720 
1 . 5SB48720 
1. 55846720 
1. 55848720 
1 . 55B4B720 
1.55846720 

1.55845720 

1 .55648720 

1 . 55848720 

1 . 55849720 
1 . 3700C0O0 



55. 000 
55- 974 
60.653 
64 .060 
65-556 
69.867 
BB .232 
92. 835 
95.242 
124 .181 
130 .362 
136.444 
145.224 
149-602 
147 .807 
14C157 
144 .44 0 
142 .303 
116.315 
105.360 
96-491 
ES.972 
83 .494 
65.374 
64 .284 
62.327 
63.210 
66.558 
69.385 
B9.2SS 
92.027 
97 .21S 
109. 22S 
112.571 
120. 144 
120 .440 
119 .789 
134 .185 
135.539 
137.425 
144 .043 
143 .681 
139. 83e 
14 4 .656 
141.334 
141.660 
14i .445 
121.630 
117.959 
S2.421 
85.485 
77.332 
11. OSS 
11 .000 



\ 
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Table 8 

ASPHER1C CONSTANTS 
SURFACE NO.. * 



K 

CI 
C2 
C3 
C<5 
CS 
C6 
C7 
CB 
C9 



2 . ■- 

2 .7531":747e-015 
1 eH»5:324e-023 
- 2 . li 1211737ft -03 1 

0 . oococoooe-ooo 



SURFACE NO. 



K 

CI 
C2 
C3 
C4 

cs 

C6 
CI 
CO 
C9 



1.52=5 

-1 . V S3 ?.4 960ft- 015 
2 .22i:*?c675e-0\5 

-2*32S6RB76e-023 
! . i7n-73944e-027 

-2 .27€440See-032 

0 .oo^oooooe*ooo 
a .ococoocoe-*ooo 



SURFACE NO. 



K 

CI 
C2 
C3 
C4 
C5 
C5 
CI 
CG 
C9 



-4 .O4l-3-iS04e-0lO 
-5 . 52x2; 220e-014 
1 .o7"r>-fll3e-0X6 
_o .«ss-~S33e-C24 

1 . 92iiW4B7e-027 
-*? . 5-"2i/-584e-032 
1 . 2374i62Be-036 
C .oOC1iOOOO*OCQ 
C .G'OfcCOOOGe«OGO 



SURFACE NO. 



K 

CI 

C2 

C3 

C4 

CS 

cs 

CI 

ce 

C5 



c . oose 

. 2 * 6GLlll73e-012 
-4 .2S-26C635C-016 
-3 b2tscl44e-020 
3 .Ciie2*:'€13e-023 
-•; .30t2Sr62Be-027 
i .OiS2tlS9e-020 
0 - OCiCOCOOOfe^OOO 

o .ocoo<?eooe*ooQ 



SURFACE NO. 



K 

Ci 
02 
C3 
C4 
CS 
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Patent Claims 



, Refractive projection obiective for projecting a pattern arranged ,n 
an object plane of the projection objective into an image plane of the 
projection objective with the aid of an immersion medium which ,s 
arranged between a last optical element of ,he projection objeCve and 
the image plane, comprising: 

a first lens group (LG1), following the image plane, with a negafive 

" ^ group m following the firs, ,ens group, w„h a positive < 
refracting power; 

a third lens group (LG3), following the second lens group. w,th 
neqative refracting power; 

a fourth lens group (LG4), following the third lens group, with a pos,t,ve 
refracting potoer; 

a fifth lens group (LG5), following the fourth lens group, with a pos*ve 

;:;::;> — . > - - «~ - — — 

diameter between the fourth and the fifth lens group, 

2 Projection objective according to Claim 1 . wherein the system 
aperture (5) lies between a plane of maximum beam diameter near the 
image and the image plane (3). 

3 Projection objective according to Claim 1 or 2 which has an image- 
side numerical aperture NA * 0,9, the image-side numerical aperture 
preferably being at least NA = 1.0. 

4 Projection objective according to one of the preceding claims, 
wherein the projection objective is adapted to an immersion medium (10) 
which has a refractive index of n > 1 .3 a. the operating wavelength. 
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, Projection objective according to one of the preceding claims, 
llle paction objective Has an image-side wooing distance of 
ZZ approxima, ely ,0 pm and approximately 200 p.. in partner 
between approximate* 20 pm and approximate* 100 pm. 

6 Projection objective according to one of the preceding claims^ 
Un a ra«o between the foca. length of tbe fourth lens group (LG4) 
Id the foca, length o, the fifth lens group (LG5) is between 
approximately 0.9 and approximately 1.1. 

7 Projection objective according to one of the preceding claims, 
approximately 1.1- 

a Projection objective according to one of the preceding claims. 
II a 1 between the overall length of the projection ob.ecbve and 
"a, length of the ftfth lens group (LOS) is greater than fi ve, 
preferably greater than six. in pedicular greater than e,ght. 

g projection objective according to one of the preceding , claims. 
(LOS), two aspheric surfaces preferably being prov.ded. 
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and/or wherein not more than nine aspheric surfaces are provided, less 
than seven aspheric surfaces preferably being provided. 

1 2 Projection objective according to one of the preceding claims, 
wherein at least one meniscus lens (13), convex relative to the object 
plane, with a negative refracting power is arranged in the near zone of 
the object plane (2), in particular inside the first lens group (LG1). 

1 3 Projection objective according to one of the preceding claims, 
wherein the second lens group has at least four, preferably at least five 
or six consecutive lenses (14 to 20) with a positive refracting power. 

14. Projection objective according to one of the preceding claims, 
wherein the second lens group (LG2) has at least one, preferably a 
plurality of meniscus lenses (14, 15, 16. 17). concave relative to the 
object plane, with a positive refracting power on an entry side facing the 
object plane (2), and/or. wherein the second lens group has at least one, 
preferably a plurality of meniscus lenses (19. 20). convex relative to the 
object plane, with a positive refracting power on the exit side facing the 
image plane. , 

1 5 Projection objective according to one of the preceding claims, 
wherein the second lens group (LG2) in this sequence has at least one 
meniscus lens (14, 15. 16, 17), concave relative to the object plane, w.th 
a positive refracting power, a biconvex positive lens (18) and at least 
one meniscus lens (19, 20), concave relative to the image plane, w.th a 
positive refracting power. 

1 6 Projection objective according to one of the preceding claims, 
wherein the third lens group (LG3) has only lenses (21, 22, 23, 24) with 
a negative refracting power. 
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n7 Reaction objective according to one of the p^cW*^ 
herein with reference to a p.ane (9) of symmetry ,y,ng ,ns,de . e ,rd 
Ins g oup (LG3), .he third iens group is of subs.an.iaUy symmetrica 
onsL.L. and^or wherein two o P pos,e,y cu.ed. concave surfaces 
directly opposed to one another in .he third lens group (LG3) and are 



another. 



,„ Projection objective according to one of .he preceding c.a,ms, 

t' an e^ reg Ln facing the third .ens group (LG3). of the second 
wh ere,n an ex* reg, n J ^ ^ ^ grQup of 

rri p . " 0 : ru> « — d — * 

Te^e to a plane (9) o, symmetry lying inside .he .bird iens group. 

19 Projection objective according ,o one of the preceding claim, 
serein the fourth ,ens ^ " 

the object, a, least two doubte.s preferably being prov.ded. 

20 Projection objective according to one of , he preceding claim. , 

■ Wert side entry region the fourth lens group (LG4) has at 
wherein ,n an ob.ect-side entry g ^ ^ ^ piane 

teas, one meniscus tens (25. 26). » nc * menjscus len5es 

(2) with a positive refracting power, a pluralrty or 
preferably being provided consecutively. 

:;::::r.:~.rr«, , ~ « -~ - - 

85% of the image-side numerical aperture. 
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22 Projection objective according to one of the preceding claims, 
wherein the fifth lens group (LG5) has exclusively lenses with a positive 
refracting power. 

23 Projection objective according to one of the preceding claims, 
wherein the fifth lens group has at least four positive lenses (31 to 35). 

24 Projection objective according to one of the preceding claims, 
wherein the fifth lens group (LG5) has at least one meniscus lens (33, 0 
34) with a positive refracting power and lens surfaces concave towards 
the image. 

25 Projection objective according to one of the preceding claims, 
wherein as last optical element the fifth lens group (LG5) has a plano- 
convex lens (35) which preferably has a spherical entry surface and a 
substantially flat exit surface. 

26. Projection objective according to Claim 25, wherein the plano- 
convex lens (35) is constructed in a nonhemispherical fashion. 

27 Projection objective according to one of the preceding claims, 
wherein all the lenses consist of the same material, use preferably be.ng 
made of synthetic quartz glass as lens materia, for a 193 nm operating 
wavelength, and/or of calcium fluoride as lens material for a 1 57 nm 
wavelength. 

28 Projection objective according to one of the preceding claims 
which is a single-waist system with a belly (6) near the object, a belly (8) 
remote from the object and a waist (7) therebetween. 

29 Projection objective according to one of the preceding claims, 
wherein the image field diameter is more than 10 mm, in particular more 
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tha „ 20 mm and/or wherein the image field diameter is more than 1 .0%, 
in particular more than 1.5%, of the overall length. 

30. Paction elective according to one o, the preceding claims, 
wherein the light conductance is more than appropriately ^1 A. 
particular more than approximately 2% of the overall length. 

31 Projection objective according to one of the preceding claims, 
II —a,,y more lenses are arranged ^ ^ TZ 
aperture (5) than downstream of the system aperture, preferably at 
four times as many. 

,-> Projection objective according to one of the preceding claims. 
lll.lt rrvl lenses w„h a positive refracting power are arranged 
between the Waist and the system aperture (5). 

33 Projection objective according to one of the preceding claims 
where" ; tance between the waist and the system aperture is at least 
; 6 To, the overa,, length, preferably more ,han 30% of fhe overall 
length. 

34 Projection objective according to one of «he preceding claims 
wherein a maximum rim ray heigh, is a, leas, twice as large as ,he r,m 
ray height a, the location of the narrowes, constnetion. 

35 Projection exposure machine for microlithography. characterized 
35. Projection e* H accordance with one of 
by a refractive projection object.ve (1.1,1)'" accorda 

the preceding claims. 

36 Method for producing semiconductor components and Cher finely 
structured structural elements, having the following steps: 

providing a mask with a prescribed pattern; 
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nominating the mask with ul.ravio.et light of a prescribed waveiength; 

Projecting an image of the pattern onto a photosensitive substrate, 

rr nged in fhe region of the image piane of a projection ob,ec„ve. wrth 
L aid of a projection objective in accordance with one of the preced.ng 

rrmltionmedium arranged between a test optica, surface of the 
projection objective and the substrate being transiiiuminated ounng tne 
projection. ( 
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